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FIGURES 

1.  (Top)  Surface  spreading  resistance  of  annealed  silicon  versus  2 

distance  measured  perpendicular  to  the  lamp  in  the  sample  plane. 

(Bottom)  Energy  fluence  from  a  single  flash  versus  distance  measured 
perpendicular  to  the  lamp  in  the  sample  plane  using  a  2  mm  wide 
calorimeter. 

2.  Concentration  of  electronically  active  boron  in  silicon  versus  depth  3 

obtained  from  spreading  resistance  measurements  in  two  annealed 

samples. 
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^hi'i  iiy  after  high  speed  anneal  mu  techniques  came  into  use,  several  studies 
•  ,  - »  '  showed  that  flash lamps  could  be  used  to  produce  annealing  of  ion  implanted 
semiconductor  materials  similar  to  that  obtained  using  lasers  or  electron  beams. 
However,  these  systems  suffered  many  problems  which  made  the  application  difficult 
to  imagine.  Among  these  were  the  small  size  of  the  annealed  spot  and  damaging 
shot  waves  which  shattered  samples  and  lamps,  to  name  not  a  few.  Results  obtained 
using  a  linear  quart:  lamp,  together  with  those  reported  by  l.orrcn  and  Pedulli  ^ , 
show  that  quartz  flashlamp  anneals  with  a  pulsewidth  of  about  1  msec  can  be  used 
for  convenient  initiation  of  reproducible  solid  phase  epitaxial  re growth  in  silicon. 

ill  SCI1 -MO, \ 

live  lamp  used  in  tins  work  was  a  commercial  lineal  quart  z  xenon  :.r.j  . :  •  .  , 

IX-  12)  .  Its  outer  diameter  is  0.11  cm  and  the  gap  distance  .  a  cm.  Km;:  a  V  a 
microfarad  condenser  battery  and  100  microhenries  in  series,  a  nou-oso i 1 1  a t e:  .init 
pulse  of  o.;>  msec  f  lv/  1M  was  ohr  a  i  ned .  The  silicon  sample,  !  cm  by  1  cm,  w  ■.  ’  ■  ■  e  i 
on  a  flat  heater  spiral  of  low  thermal  mass  and  was  placed  at  1  mm  distance  ft  'w 
the  flash  tube  (1.4  kV  operating  volt  age 1 .  The  light  fl nonce  was  measured  ..  i t  b 
narrow  strip  calorimeter  to  be  2a. o  joule/cm-  at  the  closest  approach  to  •  T •  ;a:,:  . 

The  samples  used  for  the  annealing  experiments  were  n-tvpe  1  ohm-cml 1 1 1 1  silicon, 
implanted  at  room  temperature  with  ti^-Vcnr  .111  koV  boron.  The-  samples  were  brought 
from  room  temperature  to  30  C  in  20  seconds  at  which  time  the  lamp  was  fl. cited. 

Some  samples  were  exposed  to  multiple  annealing  cycles,  allowing  samples  to  come 
to  room  temperature  between  cycles. 

Samples  were  evaluated  by  two  techniques  of  spreading  resistance  measurements: 
(I)  surface  measurements  to  determine  the  lateral  uniformity  and  (21  depth  profiling 
to  determine  the  distribution  of  the  boron  after  annealing,  figure  1  shows  surface 
scans  perpendicular  >o  the  lamp  axis.  The  2  mm  wide  iow- res t stance  valley  is  indi¬ 
cative  of  the  lateral  extent  of  good  annealing,  figure  2  shows  a  depth  profile  of 
the  boron  concentration  measured  in  the  low  resistance  valley.  Comparison  of  the 
measured  profiles  with  the  I.SS  model  as-implanted  profile  indicates  modest  boron 
redistribution  during  the  anneal.  fn  the  multiply-exposed  samples,  no  lateral 
growth  of  the  annealed  area  was  seen,  while  some  spreading  of  the  boron  profile  oc¬ 
curred.  A  narrow  calorimeter  was  scanned  laterally  to  measure  the  energy  incident 
on  the  wafer  surface  with  results  shown  at  the  bottom  of  figure  1.  The  observed 
area  of  good  annealing  corresponds  to  an  energy  fluence  of  greater  than  2.r>  joule/ 
cm*.  it  can  he  seen  that  the  output  of  9  lamps  in  a  closely  packed  array  will  pro¬ 
duce  the  same  energy  fluence  over  a  3-inch  wafer. 
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Figure  1.  (Top)  Surface  spreading  resistance  of  annealed  silicon  versus  distance 
measured  perpendicular  to  the  lamp  in  the  sample  plane.  Samples  were  exposed  1  dm 
below  the  9  mm  diameter  flashlamp,  (Bottom)  Energy  fluence  from  a  single  flash 
versus  distance  measured  perpendicular  to  the  lamp  in  the  sample  plane  using  a  2  mm 
wide  calorimeter. 
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Figure  2.  Concentration  of  electronically  active  boron  in  silicon  versus  depth 
obtained  from  spreading  resistance  measurements  in  two  annealed  samples.  The 
solid  line  is  the  implanted  boron  profile  (Edgeworth  distribution  calculated 
from  the  LSS  model.  Reference  5). 
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